Abstract
INTRODUCTION
Human contact lens-associated giant papillary conjunctivitis (CL-GPC) is a common condition frequently seen in patients who wear soft contact lens, especially those with hydrogel contact lenses. It is one of the most common reasons for contact lens intolerance and discontinuation of contact lens wear. For many years it has been speculated that CL-GPC is related to mechanical and immune mechanisms [1, 2, 7, 12, 13, 34, 36] . However, the pathogenesis of CL-GPC is still unknown.
Mucosa-associated lymphoid tissue (MALT) represents a part of the immune system located at mucosal surfaces. Previous studies suggested that MALT was mainly composed of follicle-associated epithelium (FAE) and lymphoid follicles [6, 8] . In lymphoid follicles, B cells are predominantly distributed in the center of the follicle, while T cells are in the parafolliclar regions to either side of the center of the follicle. Lymphoid follicles create dome-like protrusions into the epithelial surface [3, 17, 32] . The FAE on top of these domes is typically free of all mucin-secreting goblet cells. The absence of a surface coat of mucus promotes free access to a cell type known as the M cell (membranous epithelial cell). Studies showed that M cells are essential participants in immunological receptivity phenomena of most mucosae and specialized for the binding, uptake, and translocation of soluble and particulate antigens, pathogens, and macromolecular materials [21, 22, 25, 26, 29] . M cells exhibit a distinctive morphological and physiological phenotype and are typically found in the epithelium overlying MALT. The basolateral membrane of the M cells is deeply invaginated to form intra-epithelial pockets filled with lymphocytes and macrophages. The invaginations result in only a thin band of cytoplasm separating the apical membrane from the basolateral membrane pocket. Antigens and pathogens traversing the cells within vacuoles travel this short distance before they are discharged into the packet space, where they are free to be phagocytosed by macrophages and dendritic cells within the pocket and follicle.
The purpose of this paper is to investigate the presence of M cells in CL-GPC and to understand the potential mechanisms for CL-GPC.
MATERIALS AND METHODS

Specimen preparation
All patients diagnosed as having CL-GPC were those who complained of discomfort, itching, mucous discharge, or foreign body sensation and met one of the following criteria: 1) well-developed papillae of 1 mm or more in diameter in the upper tarsal conjunctiva after wearing soft contact lens or 2) the hallmark signs of enlarging papillae accompanied by redness of the upper palpebral conjunctiva after wearing soft contact lens for over two years. Conjunctival papillae and follicles (n=21) were obtained through biopsies from the upper tarsal conjunctiva of CL-GPC patients diagnosed at the Zhongshan Ophthalmic Center, Sun Yat-sen University. The average age of the patients was 20.3±8.5 years and the sex distribution was 13:7 (female to male). All experimental protocols in this study were approved by the Governmental Agency in China.
Briefly, to minimize trauma to the conjunctiva, conjunctiva-associated lymphoid tissue (CALT) was carefully dissected out under local anesthesia and an operation microscope, fixed in 4% paraformaldehyde, dehydrated in graded ethanol, treated in xylene, infiltrated in paraffin, and embedded in paraffin. Sections of 5 µm thickness were cut and mounted on coated slides, then dried at 37 o C overnight.
Histochemistry
To display morphological characteristics, the sections were deparaffinized, rehydrated, stained in hematoxylin and eosin, and coverslipped using permount.
Immunohistochemistry
Immunohistochemistry was performed on the paraffin sections. Briefly, the sections were deparaffinized in xylene and rehydrated in graded ethanol and distilled water. The specimens were incubated in bovine serum albumin to block nonspecific binding and then incubated in primary antibody overnight. Following washing in PBS, the specimens were incubated in secondary antibody for 2-4 h. For each staining, the specimens were also stained in parallel without the primary antibody to rule out nonspecific and background signals. Examination was done with a Lica fluorescent microscope. Mouse anti-CD3 monoclonal antibody (GeneTex Inc., San Antonio, TX, USA) to detect pan-T cells and mouse anti-pan-B lymphocyte antibody (VMRD, Inc., Pullman, WA, USA) to localize B cells were used. Antibody binding was identified with goat anti-mouse IgG conjugated Alexa 488.
RESULTS
Morphologic characterization of CALT
CALT could be recognized under a slit lamp without difficulty in all patients. Affected eyes showed redness and irritation with increased sensitivity to light. Gray transparent protrusions were easily found in the palpebral conjunctival region. The CALT diameter was over 1 mm and surrounded by proliferative blood vessels (Fig. 1) .
In order to display the structural and cellular characteristics of CALT, histological staining of hematoxylin and eosin was performed. Cross-sectional views of the follicles revealed that typically no goblet cells were found within the FAE. There was a great mass of lymphocytes and macrophages in the epithelial layer so that the epithelial basement membrane was discontinuous. Fig. 1 . Giant papillae surrounded by blood vessels on the conjunctiva of a CL-GPC patient were presented in the palpebral conjunctival area (arrowheads) with accompanying conjunctival redness. Fig. 2 . HE staining revealed that lymphocytes pressed into "pockets" formed by FAE invagination (arrowheads), the apical membrane was obviously thin, and the epithelial basement membrane was not continuous.
Moreover, lymphocytes and antigen-presenting cells were pressed into the FAE, forming intraepithelial pockets (Fig. 2) .
B and T lymphocyte distribution within CALT
In MALT, B cells are predominantly distributed in the center of the follicle and T cells are in the parafolliclar regions to either side of the center of the follicle [3, 17, 32] . In order to recognize the distribution of T and B lymphocytes in CALT, we used anti-pan-B and anti-pan-T cell markers to localize the distribution. In CALT, pan-B-positive cells were mostly gathered in central folliclar area and intraepithelial pockets (Fig.  3A) . However, CD3-positive cells were predominantly distributed in the parafolliclar region and there were very few CD3-positive cells in the intraepithelial pockets (Fig. 3B) . This suggests that the immune response in the pathogenesis of CL-GPC is mediated by B lymphocytes.
DISCUSSION
The present study reveals that M cells are involved in the pathogenesis of CL-GPC and B cells predominantly mediate the immune response. Although the pathogenesis of CL-GPC has been studied for many years, it is still equivocal. In general, the received opinion about the mechanism is that local deposits results in CL-GPC. Significantly increased leukotriene C4 was observed in tears from patients with CL-GPC patients [13] . This local immune response may be associated with a delayed tear lens clearance and contribute to the pathogenesis or aggravate the severity of contact lens--associated papillary conjunctivitis [7] .
MALT is the principal inductive site for mucosal immune responses that are capable of response to T and B cells and specific antigens [5, 15] . M cells exist in the FAE of the top of MALT and function in the binding, uptake, and translocation of soluble and particulate antigens and pathogens. Morphologically, the basolateral membrane of the M cells is deeply invaginated to form intra-epithelial pockets filled with lymphocytes and macrophages so that antigens and pathogens are easily transferred to the underlying lymphocytes and dendritic cells [18, 27, 31, 37] . Recent studies revealed that mammalian conjunctiva contained a cell type with the morphological and functional characteristics of M cells. Typically, these cells can bind and translocate macromolecular material, bacteria, and lectin into underlying lymphocytes, and even cervical lymph nodes. It is indubitable that M cells provide a route of entry into conjunctiva for antigens and pathogens [10, 18, 19, 21, 22] .
Some studies indicated that contact lenses are susceptible to contamination by surface deposits. The contamination mainly includes protein and bacteria [11, 16, 20, 23] . These deposits on the lens and ocular surface will be initially processed by the ocular surface's immune system. There is no doubt that CALT plays a key role in this step. Our results revealed that B lymphocytes and antigen-presenting cells gathered in the intraepithelial pockets and picked up the antigens and pathogens from the ocular surface. Although the biological characteristics of the M cells are yet to be defined, this study represents the first attempt to distinguish that M cells are involved in the pathogenesis of CL-GPC. These M cells may act as the afferent limb of conjunctival specific immunity, playing an important role in the surveillance and sampling of the ocular surface. They might translocate the antigens and/or pathogens from the ocular surface into underlying B lymphocytes so that the B cells are stimulated, gather, proliferate in the CALT, and move to the lymph nodes, which subsequently produces an immune protective response [21] . Although sampling by M cells from the ocular surface is crucial for the induction of the protective conjunctival immune responses, it may also provide a way of entry into the ocular tissue for antigens and/or opportunistic pathogens so that damage to the ocular surface may occur. Studies showed that M cells do not express MHC class II molecules and have only few lysosomes; therefore, most antigens and pathogens will not be degraded when crossing M cells [28, 30] . Moreover, accumulating evidence showed that the numbers of M 
A B
cells are increased through the induction of mucosal inflammations, and this also happens in the conjunctiva [4, 9, 14, 24, 33, 35] . Numerous M cell formation and lymphocyte gathering produce some very large CALTs so that conjunctival structures and functions are changed. Long-term chronic inflammation may result in conjunctival scar formation, dry eye, and other severe eye diseases.
Although CALT is also found in human conjunctiva without contact lens, the diameter of non-CL-GPC follicles is smaller than 1 mm and physical conjunctival structures and functions are maintained, so that their existence causes no complaint [17] . However, giant conjunctival papillae resulting from over-proliferation of M cells and the accumulation of numerous lymphocytes give rise to conjunctival structural destruction and become the main source of clinical discomfort in patients with CL-GPC.
